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(54) Thiopyran derivatives 

(57) A thiopyran derivative represented by the following formula (I) or (I"), or the salt thereof. 
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wherein A is S or -CH=CH-; the dotted line indicates that the bond may be either present or absent; Z and Z' are typi- 
cally 
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L is an ethylene or trimethylene group; Y is CH or N; n is 2; B is a carbonyl group; m is 0 or 1 ; D is a phenyl group; and 
El and E2 are hydrogen atoms. These compounds exhibit a strong serotonin-2 blocking action and highly safe. Some 
compounds also exhibit an -blocking action and therefore are useful as an antihypertensive agent with less side 
effects. Thus, the thiopyran derivatives are useful as drugs for the treatment of circulatory diseases in general such as 
hypertension, ischemic heart disease, cerebrovascular disturbance, and peripheral circulatory disturbance. 
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Description 



The present invention relates to novel thiopyran derivatives. More specifically, this invention is concerned with ben- 
zothiopyran derivatives, thienothiopyran derivatives and salts thereof, said derivatives and salts being useful for the pre- 

5 vention or treatment of ischemic heart diseases such as angina pectoris, arrhythmia, myocardial infarction, congestive 
heart failure and post PICA restenosis, cerebrovascular disturbances such as cerebral infarction and cerebral seque- 
lae after subarachnoid hemorrhage, peripheral circulatory disturbance such as arteriosclerosis obliterans, thromboan- 
gina oblite, Raynaud disease, Buerger disease, and/or hypertension; their preparation processes; and pharmaceuticals 
comprising them as effective ingredients. 

10 Serotonin is a compound contained abundantly in platelets, which are a blood component, and in a central nervous 
system, it acts as a neurotransmitter. In platelets, it is released upon stimulation by thromboxane A2, ADR collagen or 
the like and synergistically acts on various platelet aggregation factors or vasoconstrictors through activation of serot- 
onin-2 receptors in the platelets and vascular smooth muscle cells, thereby inducing strong platelet aggregation and 
vasoconstriction [P.M. Vanhoutte, "Journal of Cardiovascular Pharmacology", Vol. 17 (Supple. 5), S6-S12 (1991)]. 

15 Serotonin is also known to potentiate proliferation of vascular smooth muscle cells [S. Araki et al., "Atherosclero- 
sis", Vol. 83, p29-p34(1990)]. It has been considered that, particularly when endothelial cells are injured as in arterio- 
sclerosis or myocardial infarction, the vasoconstricting action and thrombus forming action of serotonin are 
exasperated, thereby reducing or even stopping blood supply to myocardial, cerebral and peripheral organs [P. Golino 
etal., "The New England Journal of Medicine", Vol. 324, No. 10, p641-p648 (1991), Y. Takiguchi et al., "Thrombosis and 

20 Haemostasis", Vol. 68(4), p460-p463 (1992), A. 8. Weyrich et al., "American Journal of Physiology", Vol. 263, H349- 
H358(1992)]. 

Being attracted by such actions of serotonin or serotonin-2 receptors, various attempts are now under way to use 
a serotonin-2 receptor antagonist as a pharmaceutical for ischemic diseases of the heart, the brain and peripheral tis- 
sues. 

25 Several compounds such as sarpogrerate are known to possess the serotonin-2-receptor antagonistic action. 
These compounds still exhibit many problems to be solved, such as the intensity of the activity, toxicity, and side effects. 
A drug exhibiting both the anti-serotonin action and the a-j blocking action has a possibility of alleviating side effects 
such as orthostatic hypotension and reflex pulsus f requens which involve antihypertensive action due to the blocking 
action. In addition, because hypertension is a major risk factor in ischemic heart diseases, the drug exhibiting both the 

30 anti-serotonin action and the a-i blocking action has the potential of being extremely effective for the treatment and pre- 
vention of hypertension and ischemic heart diseases. 

In view of this situation, it is the object of the present invention to provide thiopyran derivatives exhibiting a strong 
serotonin-2-recepter antagonistic action and useful as a drug for preventing or treating ischemic heart diseases, cere- 
brovascular disturbance, and peripheral circulatory disturbance, with minimal toxic or side effects. In addition, some of 

35 the compounds among the thiopyran derivatives should also possess the blocking action and are thus useful as anti- 
hypertensive agents with less side effects, and can therefore be widely used in the treatment and prevention of circula- 
tory diseases. 

Accordingly, this object has been achieved by a thiopyran derivative or the salt thereof represented by the following 
formula (I) or (I*), 
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A represents a sulfur atom or the group -CH=CH-; 

the dotted line indicates that the bond may be either present or absent; 

when the dotted line indicates that the bond is present, Z represents the group, 

H 

A 



and when the dotted line indicates that the bond is absent, Z represents one of the following groups. 



NOR? u np H H 

B /OR3 \ / 

, and A 

(wherein Ri is an alky! group which may be substituted, an aryl group which may be substituted, or an aralkyi group 
which may be substituted, R2 is a hydrogen atom, an alky! group which may be substituted, an aryl group which 
may be substituted, or an aralkyi group which may be substituted, R3 is a hydrogen atom, an alkyi group which may 
be substituted, or an aralkyi group which may be substituted, X-j, X2, and X3 individually represent an oxygen atom 
or a sulfur atom, and G represents an ethylene group, of which one or more hydrogen atoms may be replaced by 
a halogen atom, alkyI group, aryl group, aralkyi group, or alkylidene group, or a trimethylene group, of which one or 
more hydrogen atoms may be replaced by a halogen atom, alkyI group, aryl group, aralkyi group, or alkylidene 
group); 

Z' represents the group; 



(wherein G has the same meaning as defined above); 

L is an alkylene group which may be substituted, an alkenylene group which may be substituted, or an alkynylene 
group which may be substituted; 

Y represents the group CH, the group C=, or a nitrogen atom; 

when Y is the group CH, m is 0 or 1 , n is 1 or 2, and B is an oxygen atom, a sulfur atom, a carbonyl group, 
a sulf inyl group, a sulfonyl group, an alkylene group, an alkenylene group, a hydroxymethylene group which may be 
substituted, a group -CHR4- (wherein R4 is an alkyI group which may be substituted, an aryl group which may be 
substituted, or an aralkyi group which may be substituted), or a cyclic or acyclic acetal group which may be substi- 
tuted; 

when Y is the group C=, m is 1 , n is 1 or 2, and B is the group. 




(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted, an aryl group which may 
be substituted, or an aralkyi group which may be substituted); and 

when Y is a nitrogen atom, m is 0 or 1, n is 2 or 3, and B is a carbonyl group, a sulfonyl group, an alkylene 
group, an alkenylene group, or a group -CHRg- (wherein Re is an alkyI group which may be substituted, an aryl 
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group which may be substituted, or an aralkyi group which may be substituted); 
E-i and E2 individually represent a hydrogen atom or a lower alkyi group; and 

D represents an aromatic hydrocarbon group which may be substituted or an aromatic heterocyclic group which 
may be substituted. 

5 

Another object of the present invention is to provide a process for preparing said thiopyran derivative (I) or (1'), or 
the salt thereof. 

Still another object of the present invention is to provide a drug composition for circulatory diseases comprising said 
thiopyran derivative (I) or (!'), or a pharmaceutically acceptable salt thereof, as an effective component. 

10 In the thiopyran derivative (I) or (!') of the present invention, given as preferred examples of R-i are alkyI groups hav- 
ing 1 to 4 carbon atoms which may be branched, such as methyl or ethyl; aryl groups having 6 to 14 carbon atoms such 
as phenyl or naphthyl; and aralkyi groups having 7 to 22 carbon atoms such as benzyl or phenethyl. These groups may 
be substituted by one or more of a halogen atom such as fluorine, chlorine, or bromine; an alkyI group having preferably 
1 to 4 carbon atoms, such as methyl or ethyl; or an alkoxy group having preferably 1 to 4 carbon atoms such as methoxy 

15 or ethoxy In this instance, as preferred examples of the group R^X-j, such groups as methoxy, methylthio, ethoxy, and 
ethylthio are given. 

The following groups. 



20 




25 



30 



35 



V V \> 

are given as preferred examples of the group, 



40 



One or more hydrogens of the above groups may be replaced by a halogen atom such as fluorine, chlorine, or bro- 
mine; an alkyI group having preferably 1 to 4 carbon atoms, such as methyl or ethyl; an aryl group having preferably 6 
to 14 carbon atoms, such as phenyl or naphthyl; an aralkyi group having preferably 7 to 22 carbon atoms, such as ben- 
45 zyl or phenethyl; or an alkylidene group having preferably 1 to 4 carbon atoms, such as methylidene or ethylidene. 

In the group =N0R2, given as preferred examples of R2 are hydrogen; alkyI groups having 1 to 4 carbon atoms 
which may be branched, such as methyl or ethyl; aryl groups having 6 to 14 carbon atoms such as phenyl or naphthyl; 
and aralkyi groups having 7 to 22 carbon atoms such as benzyl or phenethyl. These groups may be substituted by one 
or more halogen atoms such as fluorine, chlorine, or bromine; alkyI groups having preferably 1 to 4 carbon atoms, such 
50 as methyl or ethyl; or alkoxy groups having preferably 1 to 4 carbon atoms such as methoxy or ethoxy. 

Given as preferred examples of R3 are hydrogen; alkyI groups having 1 to 4 carbon atoms which may be branched, 
such as methyl or ethyl; and aralkyi groups having 7 to 22 carbon atoms such as benzyl or phenethyl. These groups 
may be substituted by one or more halogen atoms such as fluorine, chlorine, or bromine; alkyI groups having preferably 
1 to 4 carbon atoms, such as methyl or ethyl; or altoxy groups having preferably 1 to 4 carbon atoms such as methoxy 
55 or ethoxy. 

The following groups. 



4 
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c I 



are also included as preferred examples of Z. 
70 The following groups are given as particularly preferred examples of Z, 



wherein G, Ri, X-i, X2, and X3 are the same meanings as defined above. 

20 Given as preferred examples of L are alkylene groups having 2 to 10 carbon atoms which may be branched, such 
as ethylene, trimethylene, tetramethylene, pentamethylene, or octamethylene; alkenylene groups having 4 to 10 carbon 
atoms which may be branched, such as 2-buthenylene or 3-pentenylene; and alkynylene groups having 4 to 10 carbon 
atoms which may be branched, such as 2-butynylene or 3-pentynylene. These groups may be substituted by one or 
more halogen atoms such as fluorine, chlorine, or bromine. Among these groups, ethylene, trimethylene, and tetrame- 

25 thylene are particularly preferred. 

In the thiopyran derivative (I) or (I*), the following group, 

-N Y- 

W 
E, E2 



35 (wherein Ei, E2, Y and n are the same meanings as defined above), is a heterocyclic group derived from pyrrolidine, 
piperidine, piperazine, or homopiperazine, wherein two or less hydrogen atoms on the ring may be replaced by an alkyi 
group having preferably 1 to 4 carbon atoms such as methyl or ethyl. 

When the above group is a heterocyclic group derived from pyrrolidine or piperidine, preferably when this group is 
piperidine, m is 0 or 1 (when Y is C=, m is 1) and B is an oxygen atom, a sulfur atom, a carbonyl group, a sulf inyl group, 

40 a sulfonyl group, an alkylene group (an alkylene group preferably having 1 to 4 carbon atoms, particularly preferably 
methylene), an alkenylene group (an alkenylene group preferably having 2 to 5 carbon atoms, particularly preferably 2- 
propenylene), a hydroxymethylene group which may be substituted, a group -CHR4- (wherein R4 is an alkyI group which 
may be substituted and preferably having 1 to 4 carbon atoms such as methyl or ethyl, an aryl group which may be sub- 
stituted and preferably having 6 to 14 carbon atoms such as phenyl or naphthyl, or an aralkyi group which may be sub- 

45 stituted and preferably having 7 to 22 carbon atoms such as benzyl or phenethyl), a group. 




(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted and preferably having 1 to 4 
carbon atoms such as methyl or ethyl, an aryl group which may be substituted and preferably having 6 to 14 carbon 
atoms such as phenyl or naphthyl, or an aralkyi group which may be substituted and preferably having 7 to 22 carbon 
atoms such as benzyl or phenethyl), or a cyclic or acyclic acetal group of which one or more hydrogens may be replaced 
55 by other groups. 

The following groups are given as examples of the cyclic or acyclic acetal group. 



5 
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0 0 



CH3O OCH. 



CaHsO 



OC2H. 



Given as preferred examples of the substituent for the hydroxymethylene group in the group B are an alkyi group 
10 preferably having 1 to 4 carbon atoms such as methyl or ethyl and an aryl group preferably having 6 to 1 4 carbon atoms 
such as phenyl or naphthyl, which are present bonded with the carbon atom of the methylene group. These substituents 
for the hydroxymethylene group may be replaced by one or more hydroxyl groups, halogen atoms such as fluorine, chlo- 
rine, or bromine, or alkoxy groups having preferably 1 to 4 carbon atoms such as methoxy or ethoxy. 

Particularly preferred examples of the hydroxymethylene group which may be substituted include hydroxymethyl- 
15 ene group with no substituents or with substituents such as phenyl, fluorophenyl, or hydroxyphenyl. 

Further, given as examples of substituents for R4 are one or more halogen atoms such as fluorine, chlorine, or bro- 
mine, alkyI groups having preferably 1 to 4 carbon atoms such as methyl or ethyl, and alkoxy groups having preferably 
1 to 4 carbon atoms such as methoxy or ethoxy 

Further, given as examples of substituents for R5 are one or more halogen atoms such as fluorine, chlorine, or bro- 
20 mine, alkyI groups having preferably 1 to 4 carbon atoms such as methyl or ethyl, alkoxy groups having preferably 1 to 
4 carbon atoms such as methoxy or ethoxy, and hydroxyl groups. Given as ©camples of substituents for the cyclic or 
acyclic acetal group are one or more of halogen atoms such as fluorine, chlorine, or bromine, alkyI groups having pref- 
erably 1 to 4 carbon atoms such as methyl or ethyl, aryl groups having preferably 6 to 14 carbon atoms such as phenyl 
or naphthyl, aralkyi groups having preferably 7 to 22 carbon atoms such as benzyl or phenethyl, and alkylidene groups 
25 having preferably 1 to 4 carbon atoms such as methylidene or ethylidene. 

Among these groups for B, the carbonyl group is particularly preferred. 

When the above heterocyclic group is a group derived from piperazine or homopiperazine, preferably when this 
group is piperazine, m is 0 or 1 (preferably 0) and B is a carbonyl group, a sulfonyl group, an alkylene group (an alkylene 
group preferably having 1 to 4 carbon atoms, particularly preferably methylene), an alkenylene group (an alkenylene 
30 group preferably having 3 to 6 carbon atoms, particularly preferably 2-propenylene), or a group -CHRe- (wherein Rg is 
an alkyI group preferably having 1 to 4 carbon atoms such as methyl or ethyl, an aryl group preferably having 6 to 14 
carbon atoms such as phenyl or naphthyl, or an aralkyi group preferably having 7 to 22 carbon atoms such as benzyl 
or phenethyl). 

Re may be substitued by one or more of halogen atoms such as fluorine, chlorine, or bromine, alkyI groups having 
35 preferably 1 to 4 carbon atoms such as methyl or ethyl, or alkoxy groups having preferably 1 to 4 carbon atoms such as 
methoxy or ethoxy. 

Among these groups for B, the phenylmethylene group which may be substituted is preferred. 
Preferred examples of D in the formulas (I) or (I*) are aromatic hydrocarbon groups having preferably 6 to 28 carbon 
atoms such as a phenyl group of which one or more hydrogen atoms may be substituted by other groups or naphthyl 
40 group of which one or more hydrogen atoms may be substituted by other groups. Also included in other preferred exam- 
ples of D are mono- or bi-cyclic aromatic heterocyclic groups containing 3 or less oxygen, sulfur, and/or nitrogen atoms, 
such as pyridyl, pyrimidyl, benzisothiazolyl, benzisoxazolyl, indazolyl, and indolyl, of which one or more hydrogen atoms 
may be substituted by other groups. 

Given as examples of substituents for the above aromatic hydrocarbon groups or aromatic heterocyclic groups are 
45 halogen atoms such as fluorine, chlorine, or bromine; alkyI groups having preferably 1 to 4 carbon atoms such as methyl 
or ethyl; aryl groups having preferably 6 to 14 carbon atoms such as phenyl or naphthyl; aralkyi groups having prefera- 
bly 7 to 22 carbon atoms such as benzyl or phenethyl; aralkyloxy groups having preferably 7 to 22 carbon atoms such 
as benzyloxy; cyano group; nitro group; carboxyl group; alkoxycarbonyl groups (the alcohol portion having 1 to 6 carbon 
atoms); lower-alkyi sulfbnylamino groups (the alkyI portion having 1 to 4 carbon atoms); carbamoyl group; and hydroxyl 
50 group. 

Preferred groups among these groups for D are a phenyl group unsubstituted or substituted by halogen, altoxy 
group, or hydroxyl group; a benzisothiazolyl group unsubstituted or substituted by halogen; a benzisooxazolyl group 
unsubstituted or substituted by halogen; and an indazolyl group unsubstituted or substituted by halogen. Particularly 
preferred are a phenyl group and phenyl groups substituted by fluorine, methoxy group, or hydroxy group. 
55 Many compounds of the present invention of the formula (I) or (1') include isomers. Any and all these isomers and 
mixtures of isomers are included in the present invention. 

The thiopyran derivatives (I) and (l) of the present invention can be prepared by various processes. Some exam- 
ples of preferred processes are as follows. 



6 
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< Processes 1 ) 

Among the thiopyran derivatives (I), the compound (la) having the following group, 



RiX, X,Ri 
C 



X, 

X 



10 



(wherein G, Ri , X^, X2, and X3 have the same meanings as defined above) for Z in the formula (I) can be prepared by 
one of the following processes. 

Process 1 A: The compound (la) can be prepared by converting a compound of the formula (II) into a compound of 
15 the formula (IV) by reacting a compound of the formula (III), and reacting the compound of the formula (IV) and a nitro- 
gen-containing compound of the formula (V) or a salt thereof according to the following reaction scheme. 



20 



W-L-W (III) 



S 

02 



O2 



25 



30 



35 



(II ) 



HN Y-(BU-D 

v-v 

E, E2 (V) 



(IV) 



Oil 



L - N Y-(B)m-D 
E, E2 

(la) 



40 wherein A, B, D, E-i, E2, L, Y, m, and n have the same meanings as defined above, and is the group, 



45 



C 



X2, x'^i 



or 



X, 

v 



(wherein G, Ri , X-| , X2, and X3 have the same meanings as defined above), and W and W individually indicate a leaving 
50 group. 

In the above reactions, the conversion of the compound (II) into the compound (IV) is carried out by treating the 
compound (II) with an inorganic or organic base and then reacting with the compound (III). 

W and W in the compound (III) are leaving groups and include a halogen atom such as chlorine or bromine, an 
alkyi sulfonyloxy group such as methanesulfbnyloxy group, and an aryl sulfonyloxy group such as p-toluenesulfonyloxy 
55 group. 

As examples of the inorganic or organic base, potassium hydroxide, sodium bis(trimethylsilyl) amide, n-butyl lith- 
ium, lithium di-isopropyl amide, and potassium t-butoxide are given. Further, diethyl ether, tetrahydrofuran, dioxane, and 
toluene are given as examples of the solvents used in this reaction, which is preferably carried out at a temperature of 
from -78°C to room temperature. 
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To prepare the compound (la) by reacting the resulting compound (IV) and a nitrogen-containing compound (V), 
this compound (IV) is reacted with the nitrogen-containing compound (V) or an organic or inorganic acid salt of the nitro- 
gen-containing compound in the above-mentioned solvent or other solvent such as methanol, ethanol, dimethylforma- 
mide, dimethylsulfoxide, acetonitrile, acetone, or 2-butanone, optionally together with an organic base such as 
triethylamine, pyridine, collidine, or potassium t-butoxide or an inorganic base such as potassium carbonate, sodium 
carbonate, sodium hydrogen carbonate, sodium hydroxide, or sodium hydride, and a further optional addition of alkaline 
iodide such as potassium iodide or sodium iodide at a temperature from 0°C to 150°C. 

Enumerated as examples of the nitrogen-containing compound (V) are 1-phenylpiperazine, 1 -(2-f luorophenyl)pip- 
erazine, 1-(3-fluorophenyl)piperazine, 1 -(4-f luorophenyl)piperazine, 1 -(4-hydroxyphenyl)piperazine, 1 -(2-chlorophe- 
nyl)piperazine, 1 -(3-chlorophenyl)piperazine, 1 -(4-chlorophenyl)piperazine, 1 -(2-methoxyphenyl)piperazine, 1 -(3- 
methoxyphenyl)piperazine, 1-(4-methoxyphenyl)piperazine, 1 -(4-methanesulfonamidophenyl)piperazine, 1 -(4-cyano- 
phenyl)piperazine, 1 -(4-carbamoylphenyl)piperazine, 1 -(4-methoxycarbonylphenyl)piperazine, 1 -(2-pyridyl)piperazine, 
1-(2-pyrimidinyl)piperazine, 1 -benzylpiperazine, 1 -diphenylmethylpiperazine, 1 -cinnamylpiperazine, 1 -benzoylpipera- 
zine, 1-(4-benzyloxybenzoyl)piperazine, 1 -(4-hydroxybenzoyl)piperazine, 1 -(2-furoyl)piperazine, 1-(1,2-benzisoxazol-3- 
yl)piperazine, 1-(1,2-benzisothiazol-3-yl)piperazine, 4-phenylpiperidine, 4-benzylpiperidine, a,a-bis(4-fluorophenyl)-4- 
piperidinemethanol, 4-(4-fluorobenzoyl)piperidine, 4-benzoylpiperidine, 4-(4-methoxybenzoyl)piperidine, 4-(4-chlo- 
robenzoyl)piperidine, 3-(4-f luorobenzoyl)piperidine, 4-(6-f luoro-1 ,2-benzisoxazol-3-yl)piperidine, 4-(6-f luoro-1 ,2-benzi- 
sothiazol-3-yl)piperidine, 4-(6-fluoro-1H-indazol-3-yl)piperidine, 3-benzoylpyrrolidine, 3-(4-fluorobenzoyl)pyrrolidine, 4- 
(4-fluorophenoxy)piperidine, 4-[(4-fluorophenyl)thio]piperidine, 4-[(4-fluorophenyl)sulfinyl]piperidine, 4-[(4-fluorophe- 
nyl)sulfonyl]piperidine, 4-[bis(4-fluorophenyl)methylene]piperidine, 4-(4-fluorobenzoyl)piperidine ethylene acetal, and 
the like. All these compounds are known or can be easily prepared by known processes or a process similar to the 
known process. 

The compound (II) used as a starting material in the above process can be prepared by various processes. One 
example of such processes comprises converting a known compound (XX) into a sulfone (XXI) using an oxidizing agent 
such as m-chloro-perbenzoic acid or sodium tungstate/hydrogen peroxide, followed by the reaction of the compound 
(XXI) with R-jXiH or HX2-G-X3H in the presence of an acid according to the following reaction scheme. 




(^X) (XXI) 



RiXiH or 2 

02 
(II) 

wherein A, G, Ri , Xi , X2, X3, and Z-j have the same meanings as previously defined. 

Process 1 B: The compound (la) can be prepared by reacting the compound of the formula (II) and a nitrogen-con- 
taining compound of the formula (VI) according to the following reaction scheme, 
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W-L-N Y-(BW— D 




(II) (la) 



wherein A, B, D, E-j, Eg, L, W, Y, Zf, m, and n have the same meanings as defined above. 

The conversion of the compound (II) into the compound (la) is carried out by treating the compound (II) with an inor- 
ganic or organic base and then reacting with the compound (VI). The same reaction conditions as used for the conver- 
sion of the compound (II) into the compound (IV) in the above Process 1 A applies to this reaction. The compound (VI) 
can be prepared by reacting the compound (III) and the compound (V) according to the conventional method. 

(Processes 2) 

Among the thiopyran derivatives (I), the compound (lb) having the following group for Z in the formula (I) can be 
prepared by one of the following processes. 



0 
II 




Process 2A: The compound (lb) can be prepared by converting the compound (IV) into the compound (IX) and 
reacting the compound (IX) and a nitrogen-containing compound of the formula (V) according to the following reaction 
scheme, 



9 
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El Ea 



(lb) 

wherein A, B, D, E-j, E2, L, W, Y, Z^, m, and n have the same meanings as previously defined. 

The conversion of the compound (IV) into the compound (IX) is carried out by a process described, for example, in 
"Protective Groups in Organic Synthesis" (T. W. Green, published by John Wiley & Sons). For example, the conversion 
into the target compound (IX) can be carried out by treating with an acid when Xi is an oxygen atom or both X2 and X3 
are oxygen atoms or by treating with mercury (II) chloride when Xi is a sulfur atom or both X2 and X3 are sulfur atoms 
in Zi of the compound (IV). 

The conversion of the compound (IX) into the compound (lb) can be carried out under the same conditions as in 
the process for the conversion of the compound (IV) into the compound (la) shown in the Process 1 A. 

Process 2B: The compound (lb) can be prepared by converting the Z-j portion in the compound (la) into a carbonyl 
group according to the following reaction formula, 




(lb) 
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15 



20 



30 



wherein A, B, D, Ei, E2, L, Y Zi, m, and n have the same meanings as previously defined. 

The conversion of the compound (la) into the compound (lb) is carried out under the same conditions as in the 
process for the conversion of the compound (IV) into the compound (IX) in the Process 2A. 

(Process 3) 

Among the thiopyran derivatives (I), the compound shown by the formula (Id) can be prepared by reacting the com- 
pound (Ic) with a thiol compound of the formula (VII) or (VIT) accroding to the following reaction scheme, 




L-N Y-(B'U-D 



2 



(Ic) 



25 or 



HS-G-SH (VII) 
,R.-SH (vir, \\ X Xl_;^^"^'>_,b',„-D 




(Id) 



wherein, when Y is CH, B' is an oxygen atom, a sulfur atom, a sulfinyl group, a sulfonyl group, an alkylene group, an 
35 alkenylene group, a hydroxymethylene group which may be substituted, a group -CHR4- (wherein R4 is an alkyi group 
which may be substituted, an aryl group which may be substituted, or an aralkyi group which may be substituted), or a 
cyclic or acyclic acetal group which may be substituted; when Y is the group C=, B' is the group, 



40 




(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted, an aryl group which may be 
substituted, or an aralkyi group which may be substituted); and when Y is a nitrogen atom, B' is a carbonyl group, a sul- 
45 fonyl group, an alkylene group, an alkenylene group, or a group -CHRg- (wherein Rg is an alkyI group which may be sub- 
stituted, an aryl group which may be substituted, or an aralkyi group which may be substituted); Z2 indicates the group, 

50 / \ 

or 



(wherein G and R-i have the same meanings as defined above); and A, D, E-j, E2, L, Y, m, and n have the same mean- 
ings as previously defined. 

55 The conversion of the compound (Ic) into the compound (Id) is carried out by a process suitably selected from the 
processes described, for example, in "Protective Groups in Organic Synthesis" (T. W. Green, published by John Wiley 
& Sons). One example of such processes comprises reacting the compound (Ic) with the compound (VII) or (Vll") and 
boron trifluoride ether complex in chloroform. 
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< Processes 4 > 

Among the thiopyran derivatives (I), the compounds (Ig) and (le) having the following group, 



NOR2 
B 




for Z can be prepared by either the following Process 4A or Process 4B. Process 4A is preferred when the nitrogen- 
containing compound (V) contains a group which reacts with hydroxylamine or its derivative (VIII), or a salt thereof. 

Process 4A: The compound (Ig) can be prepared by reacting a compound of the formula (IX) with hydroxylamine 
or its derivative (VIII), or a salt thereof, and then reacting the nitrogen-containing compound (V) according to the follow- 
15 ing reaction scheme, 



0 NOR2 




^ : > 0^ VV 

40 wherein A, B, D, Ei, E2, L, R2, W, Y, m, and n have the same meanings as previously defined. 

The reaction of the compound (IX) with hydroxylamine or its derivative (VIII) can be carried out optionally in the 

presence of an organic base such as pyridine, triethylamine, collidine, DBU, or sodium acetate, or an inorganic base 

such as potassium carbonate or sodium hydroxide. In addition, as the hydroxylamine or its derivative (VIII), a salt of an 

organic or inorganic acid of these compounds may also be used. 
45 If required, this reaction is carried out using a suitable solvent such as methanol, ethanol, propanol, tetrahydro- 

furan, dimethylformamide, or dimethylsulfoxide, at a temperature from O^'C to the ref luxing temperature, preferably from 

0°Cto100°C. 

The conversion of the compound (X) thus obtained into the compound (Ig) is carried out under the same conditions 
as In the process for the conversion of the compound (IV) into the compound (la) in the Process 1 A. 
50 Process 4B: The compound (le) can be prepared by reacting the compound (Ic) with hydroxylamine or its derivative 
(VIII), or a salt thereof according to the following reaction scheme. 



55 
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Y-(B'),n-D 



(Ic) 



NORz 



NHaORz 



(VIII ) 





E, E2 



Y-(e'), 



(le) 



wherein A, B', D, E^, E2, L, R2, Y, m, and n have the same meanings as previously defined. 

The same conditions as in the process for the conversion of the compound (IX) into the compound (X) in the Proc- 
ess 4A are applied to the conversion of the compound (Ic) into the compound (le). 



Among the thiopyran derivatives (I), the compounds (Ih) and (If) having the following group, 



for Z can be prepared by either the following Process 5A or Process 5B. The Process 5A is preferred when the nitrogen- 
containing compound (V) contains a group which reacts with a reducing agent. 

Process 5A: The compound (Ih) can be prepared by reducing a compound of the formula (IX) to produce the com- 
pound (XI), and then reacting the nitrogen-containing compound (V) according to the following formula, 



(Processes 5) 
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wherein A, B, D, Ei, E2, L, W, Y, m, and n have the same meanings as previously defined. 

The conversion of the compound (IX) into the compound (XI) can be carried out by treating the compound (IX) with 
a reducing agent such as sodium borohydride, potassium borohydride or sodium cyanoborohydride in a solvent com- 
monly used at a temperature from -78°C to the ref luxing temperature, preferably from -20°C to room temperature. 

The conversion of the compound (XI) into the compound (Ih) is carried out under the same conditions as in the 
process for the conversion of the compound (IV) into the compound (la) in the Process 1 A. 

Process 5B: The compound (If) can be prepared by reducing the compound (Ic) according to the following formula, 



0 



. ;cH2)n, 

S'^^L-N Y-(B')m-D 



O2 
(Ic) 



E, E, 



OH 



Reduction 



O2 



(CH2)n 



L-N Y-(B')m-D 
E, E2 



(If) 



wherein A, B', D, , E2, L, Y, m, and n have the same meanings as previously defined. 

The same conditions as in the process for the conversion of the compound (IX) Into the compound (XI) in the Proc- 
ess 5A can be applied to the conversion of the compound (Ic) into the compound (If). 
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(Process 6) 

Among the thiopyran derivatives (I), the compounds (li) having the following group, 

H OR, 



10 (wherein Ry is an alkyi group which may be substitued or an aralkyi group which may be substituted) for Z can be pre- 
pared by reacting a compound of the formula (XI) and a compound of the formula (XII) to produce a compound of the 
formula (XIII), and reacting this compound with the nitrogen-containing compound (V) according to the following reac- 
tion scheme. 




40 wherein W" indicates a leaving group and A, B, D, Ei , E2, L, Ry, W, Y, m, and n have the same meanings as previously 
defined. 

The conversion of the compound (XI) into the compound (XIII) can be carried out by treating the compound (XI) 
with an inorganic or organic base and reacting the compound (XI) with the compound (XII) in the presence of such a 
base. 

45 The group W" in the compound (XII) is a leaving group typified by a halogen atom such as chlorine or bromine, an 
alkyI sulfonyloxy group such as methanesulfonyloxy group, or an aryl sulfbnyloxy group such as p-toluenesulfonyloxy 
group. 

Given as examples of the inorganic or organic base used in this reaction are sodium hydride, sodium bis(trimethyl- 
silyl) amide, lithium di-isopropyl amide, and potassium t-butoxide. As examples of the solvent used in the reaction, tet- 
50 rahydrofuran, dioxane, dimethylformamide, dimethylsulfoxide, N-methylpyrrolidone, and toluene are given. The reaction 
is preferably carried out at -TS^'C to ref luxing temperature. 

The same conditions as in the process for the conversion of the compound (IV) into the compound (la) in the Proc- 
ess 1 A can be applied to the conversion of the compound (XIII) into the compound (li). 

55 (Processes 7) 

Among the thiopyran derivatives (I), the compounds (Ij) having the following group, 
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H 

A 



for Z can be prepared by either Process 7A or Process 7B. 

Process 7A: The compounds (Ij) can be prepared by converting a compound of the formula (XI) into a compound 
10 of the formula (XIV) by dehydration, and reacting this compound with the nitrogen-containing compound (V) according 
to the following scheme, 



15 



20 




(XI) 



Dehydration Reaction 




(XIV) 



25 



30 



35 



HN Y-(B)^-D 
W 

El ^2 (V) 




N Y-(B)m" 



D 



(Ij) 



40 



45 



wherein A, B, D, Ei, E2, L, W, Y, m, and n have the same meanings as previously defined. 

The conversion of the compound (XI) into the compound (XIV) in the above reaction can be carried out by treating 
the compound (XI) with an acid such as hydrochloric acid, hydrobromic acid, sulfuric acid, or methanesulfonic acid, 
optionally in the presence of a solvent such as water, methanol, ethanol, or chloroform, or by reacting the compound 
(XI) with methanesulfonyl chloride or p-toluenesulfonyl chloride and a base such as triethylamine, pyridine, or collidine 
in a solvent such as dichloromethane, chloroform, or toluene, and treating the resulting compound with said base or sil- 
ica gel at room temperature to ref luxing temperature. 

The same conditions as in the process for the conversion of the compound (IV) into the compound (la) in the Proc- 
ess 1 A can be applied to the conversion of the compound (XIV) into the compound (Ij). 

Process 78: Alternatively, the compounds (Ij) can be prepared by subjecting a compound of the formula (Ih) to a 
dehydration treatment according to the following scheme. 



50 



55 
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wherein A, B, D, E-j, E2, L, Y, m, and n have the same meanings as previously defined. 

The same conditions as in the process for the conversion of the compound (XI) into the compound (XIV) in the 
Process 7A can be applied to the conversion of the compound (Ih) into the compound (Ij). 

(Process 8) 

Among the thiopyran derivatives (I), the compounds (Ik) having the following group, 

H H 
\ / 



for Z can be prepared by reducing a compound of the formula (XIV) into a compound of the formula (XV), and reacting 
this compound with the nitrogen-containing compound (V) according to the following scheme. 



EP 0 749 971 A1 





wherein A, B, D, Ei , Eg, L, W, Y, m, and n have the same meanings as previously defined. 

The conversion of the compound (XIV) into the compound (XV) can be carried out by treating the compound (XIV) 
with hydrogen gas in the presence of a catalyst such as palladium-carbon or platinum in a commonly used solvent at a 
temperature from -78°C to refluxing temperature, preferably at room temperature. The same conditions as in the proc- 
ess for the conversion of the compound (IV) into the compound (la) in the Process 1 A can be applied to the conversion 
of the compound (XV) into the compound (Ik). 

(Process 9) 

The thiopyran derivative represented by the following formula (I*), 

02 



wherein Z' indicates the following group, 



N Y-(B)m-D 
E, Ea 



(r ) 



(wherein G has the same meaning as previously defined), and A, B, D, Ei, Eg, L, Y, m, and n have the same meanings 
as previously defined, can be prepared by converting a compound of the formula (XVI) into a compound of the formula 
(XVII), and reacting this compound with the nitrogen-containing compound (V) according to the following scheme, 
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5 



10 



15 



20 




25 (P ) 

wherein A, B, D, Ei, E2, L, W, Y, Z\ m, and n have the same meanings as previously defined, 

In the above reaction, the conversion of the compound (XVI) into the compound (XVII) can be implemented with 
30 reference to published literature (B. D. Mookherjee et a!., J. Org. Chem., vol. 36, pp 4124-4125 (1971)). The conversion 
of the compound (XVII) into the compound (1') is carried out under the same conditions as in the process for the con- 
version of the compound (IV) into the compound (la) in the Process 1 A. 

As required, the compound (I) or (1') of the present invention prepared by the above processes can be reacted with 
various acids to convert into the salt. The salt can be purified by any suitable means such as recrystallization or column 
35 chromatography 

The acid used for converting the thiopyran derivative (I) or (1') into the salt may be an inorganic acid such as hydro- 
chloric acid, nitric acid, sulfuric acid, phosphoric acid, or hydrobromic acid, or an organic acid such as maleic acid, 
fumaric acid, tartaric acid, lactic acid, citric acid, acetic acid, methanesulfbnic acid, p-toluenesulfonic acid, adipic acid, 
palmitic acid, or tannic acid. 

40 The thiopyran derivatives (I) or (!') include the compounds containing asymmetric centers. It is possible to obtain a 
pure optical isomer by isolation from racemates by various methods, such as (1) a method of separating using an opti- 
cally active column, (2) a method comprising converting the racemate into a salt using an optically active acid and sep- 
arating by recrystallization, (3) a method of separating by an enzymatic reaction, or (4) a method comprising any 
combination of (1) to (3). 

45 As demonstrated in the test examples hereinafter, the thiopyran derivatives (I) or (1'), or the salts thereof, prepared 
by the methods described above exhibited a strong serotonin-2 blocking action, and some of them were found to pos- 
sess both strong serotonin-2 blocking action and a-i -blocking action. In addition, these compounds were confirmed to 
be highly safe as a result of toxicity tests. These compounds therefore are useful as drugs for the treatment of circula- 
tory diseases such as ischemic heart disease, cerebrovascular disturbance, peripheral circulatory disturbance, and 

50 hypertension. 

When the thiopyran derivatives (I) or (1') of the present invention are used as a drug, an effective amount of these 
compounds may be administered as is or may be administered after having been formulated in any optional form of 
drug using known methods. 

Peroral drug forms such as tablets, powders, granules, capsules, and syrups, or non-peroral drug forms such as 
55 injections or suppositories are given as the type of drug forms which can be used. Any known liquid or solid diluents or 
carriers conventionally used for drugs can be used for the preparation of the drugs from the thiopyran derivatives (I) or 
(1') of the present invention. 

Given as examples of the diluents or carriers are polyvinyl pyrrolidone, arable gum, gelatin, sorbit, cyclodextrin, tra- 
gacartth, magnesium stearate, talc, polyethylene glycol, polyvinyl alcohol, silica, lactose, crystalline cellulose, sucrose, 
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starch, calcium phosphate, vegetable oils, carboxymethyl cellulose, sodium lauryl sulfate, water, ethanol, glycerin, man- 
nitol, syrup, and the like. 

A dose of the compound of the present invention when used as a drug by peroral administration is generally about 
0.01 to 1 ,000 mg/day, although a specific amount varies depending on age, weight, and condition of the patient. 
5 Other features of the invention will become apparent in the course of the following description of the exemplary 

embodiments which are given for illustration of the invention and are not intended to be limiting thereof. 

EXAMPLES 

10 Example 1 

Synthesis of 3,4-dihydro-2H-1-benzothiopyran-4-one 1,1 -dioxide (Compound 1) 

12.94 g (60 mmol) of 80% m-chloroperbenzoic acid was added in portions to a solution of 3.28 g (20 mmol) of thi- 
15 ochroman-4-one in methylene chloride (250 ml) while stirring under cooling with ice. The mixture was stirred at 0°C for 
one hour and then at room temperature for 43 hours. 

The reaction mixture was filtered, and the filtrate was washed with a 10% aqueous solution of sodium carbonate, 
20% aqueous solution of sodium hydrogen sulfite (twice), 10% aqueous solution of sodium carbonate (twice), and sat- 
urated brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. 
20 The resultant crude product was recrystallized from ethanol to obtain 3.14 g (yield: 80%) of the title compound. 

Example 2 

Synthesis of 3,4-dihydro-2H-1-benzothiopyran-4-spiro-2'-(1',3'-dioxorane) 1,1 -dioxide (Compound 2) 

25 

A mixture of 4.91 g (25 mmol) of the Compound 1 , 31 .04 g (500 mmol) of ethylene glycol, 951 mg (5 mmol) of p- 
toluenesulibnic acid mono-hydrate, and 300 ml of toluene was refluxed in a vessel equipped with a Dean & Stark water 
separator for 88 hours. 

The reaction mixture was concentrated under vacuum, and ethyl acetate was added to the residue. The organic 
30 layer was washed with saturated aqueous solution of sodium hydrogen carbonate and saturated brine, dried over anhy- 
drous sodium sulfate, and concentrated under vacuum. 

The resultant crude product was washed with diethyl ether to obtain 5.39 g (yield: 90%) of the title compound. 

Example 3 

35 

Synthesis of 2-(3-chloropropyl)-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide (Compound 3) 

To a solution of 3.84 g (16 mmol) of the Compound 2 in 100 ml of tetrahydrofuran, 48 ml of a 1 .0 M tetrahydrofuran 
solution of sodium bis (trimethylsilyl) amide (48 mmol) was added in portions under stirring and cooling at -78°C. The 
40 mixture was stirred at this temperature for 3 hours. Next, a solution of 7.56 g (48 mmol) of 1 -bromo-3-chloropropane in 
50 ml of tetrahydrofuran was added at -78°C, followed by stirring at this temperature for one hour and at room temper- 
ature for 14 hours. 

The reaction mixture was concentrated under vacuum, and chloroform was added to the residue. The organic layer 
was washed with a half-saturated aqueous solution of potassium carbonate and saturated brine, dried over anhydrous 
45 sodium sulfate, and concentrated under vacuum. The residue was purified by silica gel column chromatography using 
silica gel No. 9385™ (manufactured by Merck Co., the same silica gel was used in Examples hereinafter) and a 1 :2 ethyl 
acetate-hexane solution to obtain 2.53 g (yield: 50%) of the title compound. 

Example 4 

50 

Synthesis of 6-(3-chloropropyl)-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dioxorane) 7,7-dioxide (Com- 
pound 4) 

The same reaction as that of Example 3 was carried out using 493 mg (2 mmol) of 5,6-dihydro-4H-thieno[2,3-b]thi- 
55 opyran-4-spiro-2'-(1',3'-dioxorane) 7,7-dioxide, 2 ml of a 1.0 M tetrahydrofuran solution of sodium bis(trimethylsi- 
lyl)amide (2 mmol), 1 .26 g (8 mmol) of 1 -bromo-3-chloropropane, and 20 ml of tetrahydrofuran. 

The reaction mixture was concentrated under vacuum, and ethyl acetate was added to the residue. The organic 
layer was washed with a half-saturated aqueous solution of potassium carbonate and saturated brine, dried over anhy- 
drous sodium sulfate, and concentrated under vacuum. The residue was purified by silica gel column chromatography 
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using a 1 :2 ethyl acetate-hexane solution as an eluent to obtain 380 mg (yield: 59%) of the title compound. 
Example 5 

5 Synthesis of 2-(3-chloropropyl)-3,4-dihydro-2H-1-benzothiopyran-4-one 1,1-dioxide (Compound 5) 

20 ml of 3 N hydrochloric acid solution was added to a solution of 950 mg (3 mmol) of the Compound 3 in 10 ml of 
ethanol, and the mixture was refluxed for two hours. The reaction mixture was concentrated under reduced pressure. 
After the addition of 30 ml of 2 N aqueous solution of sodium hydroxide, the residue was extracted with chloroform 
10 (three times). The organic layer was washed with water and saturated brine, dried over anhydrous sodium sulfate, and 
concentrated under vacuum. The residue was purified by silica gel column chromatography (eluent: chloroform) to 
obtain 818 mg (yield: 100%) of the title compound. 

Example 6 

15 

Synthesis of 2-(3-chloropropyl)-4-hydroxy-3,4-dihydro-2H-1-benzothiopyran 1,1-dioxide (Compound 6) 

200 mg (5.29 mmol) of sodium borohydride was added in portions to a solution of 620 mg (2.27 mmol) of the Com- 
pound 5 in 20 ml of ethanol while stirring under cooling with ice. After stirring for 1 7 hours at room temperature, the reac- 
20 tion mixture was concentrated under vacuum. A 0. 1 M phosphate buffer solution (pH 6.0) was added to the residue and 
the mixture was extracted with chloroform (three times). The organic layer was washed with water and saturated brine, 
dried over anhydrous sodium sulfate, and concentrated under vacuum. The residue was purified by silica gel column 
chromatography using a 1 :1 ethyl acetate-hexane solution as an eluent to obtain 567 mg (yield: 91%) of the title com- 
pound. 

25 

Example 7 

Synthesis of 3-bromo-2-(3-chloropropyl)-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide 
(Compound 7) 

30 

To a solution of 1 .58 g (5 mmol) of the Compound 3 in 70 ml of tetrahydrofuran, 5.64 g (15 mmol) of phenyltrimeth- 
ylammonium tribromide was added in one portion with stirring and cooling with ice. The mixture was stirred for one hour 
while cooling with ice and then for 65 hours at room temperature. 70 ml of a saturated aqueous solution of sodium 
hydrogen carbonate was added to the reaction mixture, and the tetrahydrofuran was evaporated at a low temperature 
35 under vacuum. The residue was extracted with diethyl ether, and the organic layer was washed with saturated brine, 
dried over anhydrous sodium sulfate, and concentrated under vacuum. The residue was purified by silica gel column 
chromatography (eluent: ethyl acetate :hexane = 1 :4 ^ 1 :2) to obtain 1 .41 g (yield: 71%) of the title compound. 

Example 8 

40 

Synthesis of 2-[3-(4-phenylpiperazin-1 -yl)propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1,1- 
dioxide (Compound 8) 

A suspension containing 317 mg (1 mmol) of the Compound 3, 162 mg (1 mmol) of 1 -phenylpiperazine, 168 mg (2 
45 mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of acetonitrile was refluxed for 
15 hours. The reaction mixture was concentrated under vacuum. 50 ml of a half saturated aqueous solution of potas- 
sium carbonate was added to the residue and the mixture was extracted with chloroform. The organic layer was washed 
with saturated brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. The residue was purified 
by silica gel column chromatography using a 2:98 methanol-chloroform solution as an eluent to obtain 400 mg (yield: 
50 90%) of the title compound. 

Example 9 

Synthesis of 2-[3-(4-phenylpiperidino)propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide 
55 (Compound 9) 

A suspension containing 317 mg (1 mmol) of the Compound 3, 161 mg (1 mmol) of 4-phenylpiperidine, 168 mg (2 
mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of acetonitrile was refluxed for 
18 hours. After the post treatment in the same manner as in Example 8, the residue was purified by silica gel column 
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chromatography (eluent: methanol :chloroform = 3:97) to obtain 350 mg (yield: 79%) of the title compound. 
Example 10 

5 Synthesis of 2-[3-[4-(6-f luoro-1 ,2-benzisoxazol-3-yl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'- 
(1',3'-dioxorane) 1,1 -dioxide (Compound 10) 

A suspension containing 317 mg (1 mmol) of the Compound 3, 220 mg (1 mmol) of 4-(6-fluro-1,2-benzisoxazol-3- 
yl)piperidine, 168 mg (2 mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of ace- 
10 tonitrile was ref luxed for 1 7 hours. After the post treatment in the same manner as in Example 8, the residue was puri- 
fied by silica gel column chromatography (eluent: methanol :chloroform = 1 :99) to obtain 465 mg (yield: 93%) of the title 
compound. 

Example 1 1 

15 

Synthesis of 2-[3-[4-(2-pyrimidinyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 
1 ,1 -dioxide (Compound 1 1) 

A suspension containing 31 7 mg (1 mmol) of the Compound 3, 237 mg (1 mmol) of 1 -(2-pyrimidyl)piperazine dihy- 
20 drochloride, 504 mg (6 mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of ace- 
tonitrile was ref luxed for 17 hours. The reaction mixture was post treated and purified in the same manner as in 
Example 9 to obtain 404 mg (yield:91%) of the title compound. 

Example 12 

25 

Synthesis of 2-[3-[4-(4-f luorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 
1,1 -dioxide (Compound 12) 

A suspension containing 317 mg (1 mmol) of the Compound 3, 244 mg (1 mmol) of 4-(4-fluorobenzoyl)piperidine 
30 hydrochloride, 336 mg (4 mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of ace- 
tonitrile was ref luxed for 15 hours. The reaction mixture was post treated and purified in the same manner as in Exam- 
ple 9 to obtain 426 mg (yield:87%) of the title compound, aaa 

Example 13 

35 

Synthesis of 2-[3-[4-(4-hydroxyphenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxo- 
rane) 1,1 -dioxide (Compound 13) 

A suspension containing 95 mg (0.30 mmol) of the Compound 3, 86 mg (0.33 mmol) of 1 -(4-hydroxyphenyl)piper- 
40 azine hydrobromide, 1 12 mg (1 .33 mmol) of sodium hydrogen carbonate, and 100 mg (0.66 mmol) of sodium iodide in 
10 ml of acetonitrile was ref luxed for 18 hours. The reaction mixture was filtered and the filtrate was concentrated under 
vacuum. The residue was purified by silica gel column chromatography (eluent: methanol :chloroform = 3:97) to obtain 
84 mg (yield: 61%) of the title compound. 

45 Example 14 

Synthesis of 6-[3-[4-(4-hydroxyphenyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-6]thiopyran-4-spiro-2'-(1 ',3'- 
dioxorane) 7,7-dioxide (Compound 14) 

50 A suspension containing 226 mg (0.7 mmol) of the Compound 4, 181 mg (0.7 mmol) of 1 -(4-hydroxyphenyl)piper- 
azine hydrobromide, 235 mg (2.8 mmol) of sodium hydrogen carbonate, and 210 mg (1 .4 mmol) of sodium iodide in 15 
ml of acetonitrile was ref luxed for 16 hours. The reaction mixture was treated and purified in the same manner as in 
Example 13 to obtain 223 mg (yield: 69%) of the title compound. 
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Example 15 

Synthesis of 6-[3-(4-phenylpiperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-sp^ ',3'-dioxorane) 7,7- 
dioxide (Compound 15) 

A suspension containing 323 mg (1 mmol) of the Compound 4, 1 62 mg (1 mmol) of 1 -phenylpiperazine, 168 mg (2 
mmol) of sodium hydrogen carbonate, and 300 mg (2 mmol) of sodium iodide in 15 ml of acetonitrile was refluxed for 
1 6 hours. After the post treatment in the same manner as in Example 8, the residue was separated by silica gel column 
chromatography (eluent: methanol :chloro1brm =2:98). The crude compound obtained was recrystallized from ethyl ace- 
tate-hexane to obtain 216 mg (yield: 48%) of the title compound. 

Example 16 

Synthesis of 2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 
1 , 1 -dioxide (Compound 1 6) 

To a solution of 30.0 g (125 mmol) of the Compound 2 in 400 ml of tetrahydrofuran, 125 ml of a 1 .0 M tetrahydro- 
furan solution of sodium bis(trimethylsilyl)amide (125 mmol) was added in dropwise under stirring and cooling at -78°G. 
The mixture was stirred at this temperature for 3.5 hours. Next, a solution of 32.1 g (125 mmol) of 1 -(3-chloropropyl)-4- 
(4-fluorophenyl)piperazine in 100 ml of tetrahydrofuran was slowly added dropwise at -78°C, followed by stirring at this 
temperature for 30 minutes and at room temperature for 18 hours. 

The reaction mixture was concentrated under vacuum. 500 ml of a half-saturated aqueous solution of potassium 
carbonate was added to the residue, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was 
washed with water (twice) and saturated brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. 
The crude product was washed with diethyl ether, followed by recrystallization from ethyl acetate-hexane to obtain 
38.51 g (yield: 67%) of the title compound. 

Example 17 

Synthesis of 2-[2-[4-(4-f luorophenyl)piperazin-1 -yl]ethyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 
1,1 -dioxide (Compound 17) 

The same reaction and the post treatment as those of Example 16 were carried out using 240 mg (1 mmol) of the 
Compound 2,1 ml of a 1 .0 M tetrahydrofuran solution of sodium bis(trimethylsilyl)amide (1 mmol), 243 mg (1 mmol) of 
1 -(2-chloroethyl)-4-(4-f luorophenyl)piperazine, and 10 ml of tetrahydrofuran. The residue obtained was purified by silica 
gel column chromatography (eluent: ethyl acetate:hexane = 1:1) to obtain 108 mg (yield: 24%) of the title compound. 

Example 18 

Synthesis of 6-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxo- 
rane) 7,7-dioxide (Compound 18) 

The same reaction and the post treatment as those of Example 16 were carried out using 2.46 g (10 mmol) of 5,6- 
dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dioxorane) 7,7-dioxide, 12 ml of a 1.0 M tetrahydrofuran solution of 
sodium bis(trimethylsilyl)amide (12 mmol), 3.08 g (12 mmol) of 1-(3-chloropropyl)-4-(4-fluorophenyl)piperazine, and 
100 ml of tetrahydrofuran. The residue obtained was purified by silica gel column chromatography (eluent: ethyl ace- 
tate) to obtain 2.51 g (yield: 54%) of the title compound. 

Example 19 

Synthesis of 2-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzothiopyran-4-one 1,1 -dioxide (Com- 
pound 19) 

1 0 ml of 3 N hydrochloric acid was added to a solution of 461 mg (1 mmol) of the Compound 1 6 in 5 ml of methanol, 
and the mixture was refluxed for one hour. The reaction mixture was concentrated under vacuum. 50 ml of a half-satu- 
rated aqueous solution of potassium carbonate was added to the residue and the mixture was extracted with chloroform 
(twice). The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate, and concentrated 
under vacuum to obtain 415 mg (yield: 100%) of the title compound. 
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Example 20 

Synthesis of 6-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-one 7,7-dioxide 
(Compound 20) 

5 

40 ml of 2 N hydrochloric acid was added to a suspension of 1 .40 g (3 mmol) of the Compound 1 8 in 20 ml of meth- 
anol, and the mixture was refluxed for 30 minutes. The reaction mixture was concentrated under vacuum. 100 ml of 1 
N aqueous solution of sodium hydroxide was added to the residue and the mixture was extracted with chloroform 
(twice). The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate, and concentrated 
10 under vacuum. The residue obtained was purified by silica gel column chromatography (eluent: ethyl acetate:hexane = 
1 :1) to obtain 1.22 g (yield: 96%) of the title compound. 

Example 21 

15 Synthesis of 2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiorane) 
1 ,1 -dioxide (Compound 21) 

67 |ulI (0.8 mmol) of 1 ,2-ethanedithiol and 10 ml of acetic acid were added to a solution of 167 mg (0.4 mmol) of the 
Compound 19 in 10 ml of methylene chloride. 98 |uil (0.8 mmol) of borontrifluoride-ether complex was added in portions 

20 while stirring under cooling with ice, and the mixture was stirred for 96 hours at room temperature. After neutralization 
of the resulting reaction mixture with 1 N sodium hydroxide aqueous solution, a half-saturated aqueous solution of 
potassium carbonate was added and the mixture was extracted with methylene chloride. The organic layer was washed 
with saturated brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. The residue was purified 
by silica gel column chromatography (eluent: methanol :chloroform = 1 :99) to obtain 1 22 mg (yield: 62%) of the title com- 

25 pound. 

Example 22 

Synthesis of 2-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-4-hydroxyimino-3,4-dihydro-2H-1-benzothiopyran 1,1-diox- 
30 ide (Compound 22) 

A solution of 41 7 mg (1 mmol) of the Compound 1 9, 1 39 mg (2 mmol) of hydroxylamine hydrochloride, and 1 64 mg 
(2 mmol) of sodium acetate in 15 ml of methanol was refluxed for 1 7 hours. After the post treatment in the same manner 
as in Example 8, the residue was recrystalllzed from acetonitrile to obtain 381 mg (yield: 88%) of the title compound. 

35 

Example 23 

Synthesis of 2-[3-[4-(4-fluorophenyl)piperazin-1 -yl]propyl]-4-hydroxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 
(Compound 23) 

40 

340 mg (9 mmol) of sodium borohydride was added to a suspension of 375 mg (0.9 mmol) of the Compound 19 in 
15 ml of methanol while stirring under cooling with ice. After stirring for two hours at room temperature, 15 ml of water 
was added and the mixture was stirred for one hour at room temperature and concentrated under vacuum. Ethyl acetate 
was added to the residue and the organic layer was washed with water and saturated brine, dried over anhydrous 
45 sodium sulfate, and concentrated under vacuum. The crude product was purified by recrystallizing from ethanol to 
obtain 230 mg (yield: 61%) of the title compound. 

Example 24 

50 Synthesis of 2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-2H-1 -benzothiopyran 1 , 1 -dioxide (Compound 24) 

A suspension of 41 .9 mg (0.1 mmol) of the Compound 23 in 10 ml of 3 N hydrochloric acid aqueous solution was 
refluxed for 24 hours. The reaction mixture was cooled with ice, adjusted to pH 10 with a 5 N aqueous solution of 
sodium hydroxide, and extracted with ethyl acetate. The organic layer was washed with saturated brine, dried over 
55 anhydrous sodium sulfate, and concentrated under vacuum. The residue obtained was purified by silica gel column 
chromatography (eluent: methanol :chloro1brm= 1 :99) to obtain 24 mg (yield: 60%) of the title compound. 
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Example 25 

Synthesis of 2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-4H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide 
(Compound 25) 

5 

A suspension containing 791 mg (2 mmol) of the Compound 7, 360 mg (2 mmol) of 1 -(4-f luorophenyl)piperazine, 
672 mg (8 mmol) of sodium hydrogen carbonate, and 600 mg (4 mmol) of sodium iodide in 30 ml of acetonitrile was 
refluxed for 15 hours. The reaction mixture was treated in the same manner as in Example 3 and the residue was puri- 
fied by silica gel column chromatography (eluent: ethyl acetate:hexane = 2:1) to obtain 677 mg (yield: 74%) of the title 
10 compound. 

Example 26 

Separation of optical isomers of 6-[3-[4-(4-fluorophenyl) piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4- 
15 spiro-2'-(1',3'-dioxorane) 7,7-dioxide (Compound 18) by an optically active column (Compounds 26 and 27) 

80 \i\ of a solution of the Compound 18 in methanol (3.3 mg/ml) was charged into a HPLC column (CHIRALCEL 
OD-H™, 4.6 0 x 250 mm, manufactured by Daicel Chemical Industries, Ltd.) and eluted under the conditions of a col- 
umn temperature of 40°C; a mobile phase of a 40:5:30 mixture of n-hexane, ethanol, and methanol; a flow rate of 0.7 
20 ml/min; and detection at 240 nm, to collect eluted fractions. This elution was repeated 20 times and the eluted liquid 
was concentrated under vacuum to obtain the following optically pure isomers, at a yield of 1 .1 mg and 0.96 mg, respec- 
tively. 

Compound 26: From a first fraction (elution time = 9 minutes) 

25 

Characteristics: Colorless needles 

Specific rotatory power: [a] ^ -30.9*' (c=0.99, CHCI3) 

Melting point: 164.5-166.0«C 

30 Compound 27: From a second fraction (elution time = 13 minutes) 

Characteristics: Colorless flakes 

Specific rotatory power: [a] d +32.4° (c=1 .01 , CHCI3) 

Melting point: 164.5-166.0°C 

35 

Example 27 

Separation of optical isomers of 2-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzothiopyran-4- 
spiro-2'-(1 ',3'-dioxorane) 1 , 1 -dioxide (Compound 1 6) by an optically active column (Compounds 28 and 29) 

40 

The Compound 16 was separated in the same manner as in Example 26 by a HPLC column (CHIRALPAK AD ™, 
4.6 0 X 250 mm, manufactured by Daicel Chemical Industries, Ltd.; a column temperature of 40°C; a mobile phase of 
a 50:6:44 mixture of n-hexane, ethanol, and methanol; a flow rate of 0.4 ml/min; and detection at 240 nm). 

45 Compound 28: From a first fraction (elution time = 19 minutes) 

Characteristics: Colorless platy crystals 

Specific rotatory power: [a] d -34.6° (c=0.99, CHCI3) 
Melting point: 175.0-176.0^0 

50 

Compound 29: From a second fraction (elution time = 23 minutes) 

Characteristics: Colorless platy crystals 

Specific rotatory power: [a] +35.4° (c=0.99, CHCI3) 
55 Melting point: 175.0-176.0°G 
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Example 28 

Separation of optical isomers of 6-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4- 
spiro-2'-(1',3'-dioxorane) 7,7-dioxide (Compound 18) by resolution with an optically active acid (Compounds 26' and 
27") 

933 mg (2 mmol) of the Compound 18 and 300 mg (2 mmol)of L-(+) -tartaric acid were added to methanol in this 
order to dissolve with heating. The reaction mixture was concentrated under reduced pressure and crystallized. The 
crude crystals were recrystallized three times from methanol to obtain 352 mg of Compound 26'. The mother liquor 
obtained during the recrystallization was neutralized and processed in the same manner with D-(-)-tartaric acid to 
obtain 300 mg of Compound 27'. 

The analysis of these compounds by HPLC under the same conditions as in Example 26 confirmed that the Com- 
pound 26' is L-(+)-tartaric acid salt of the Compound 26 and the Compound 27' is D-(-)-tartaric acid salt of the Com- 
pound 27. 

Compound 26': 

Characteristics: Colorless powdery crystals (Recrystallized from methanol) 
Melting point: 139.5-142.5°C 

Compound 27': 

Characteristics: Colorless powdery crystals (Recrystallized from methanol) 
Melting point: 139.0-142.5°C 

Example 29 

The following compounds can be obtained by reacting any one of the compounds of the formula (XVIII) or (XVII), 
as a thiopyran derivative, and 1 -phenylpiperazine, 1-(2-fluorophenyl)piperazine, 1 -(4-f luorophenyl)piperazine, 1-(4- 
hydroxyphenyl)piperazine, 1 -(3-methoxyphenyl)piperazine, 1-(2-pyridyl)piperazine, or 4-(4-f luorobenzoyl)piperidine, as 
a piperazine or piperidine derivative. 

(1) 2-[3-[4-(2-Fluorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1,1- 
dioxide 

(2) 2-[4-[4-(4-Fluorophenyl)piperazin-1 -yl]butyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1,1- 
dioxide 

(3) 2-[3-[4-(3-Methoxyphenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzothiopyran-4-spiro-2'-(r,3'-dioxorane) 
1,1 -dioxide 

(4) 2-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzolhiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 , 1 -diox- 
ide 

(5) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiorane) 
1,1 -dioxide 

(6) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiorane) 1,1- 
dioxide 

(7) 2-[3-[4-(2-Fluorophenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzothiopyran-4-spiro-2'-(1',3'-dithiorane) 1,1- 
dioxide 

(8) 2-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiorane) 1,1- 
dioxide 

(9) 2-[4-[4-(4-Fluorophenyl)piperazin-1 -yl]butyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiorane) 1,1- 
dioxide 

(10) 2-[3-[4-(2-Pyridyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzothiopyran-4-spiro-2'-(1',3'-dithiorane) 1,1 -diox- 
ide 

(11) 2-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-4,4-dimethoxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(12) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4,4-dimethoxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(13) 2-[3-[4-(2-Fluorophenyl)piperazin-1 -yl]propyl]-4,4-dimethoxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(14) 2-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4,4-dimethoxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(15) 2-[4-[4-(4-Fluorophenyl)piperazin-1-yl]butyl]-4,4-dimethoxy-3,4-dihydro-2H-1 -benzothiopyran 1,1 -dioxide 

(16) 4,4-Dimethoxy-2-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(1 7) 2-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxane) 1,1- 
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dioxide 

(18) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-3,4-dilTydro-2H-1 -benzotliiopyran-4-spiro-2'-(1 ',3'-dioxane) 1,1- 
dioxide 

(19) 2-[3-[4-(2-Fluoroplienyl)piperazin-1 -yl]propyl]-3,4-dilTydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxane) 1,1- 
dioxide 

(20) 2-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-3,4-dihydro-2H-1-benzothiopyran-4-spiro-2'-(1\ 1,1- 
dioxide 

(21) 2-[4-[4-(4-Fluoroplienyl)piperazin-1 -yl]butyl]-3,4-diliydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxane) 1,1- 
dioxide 

(22) 2-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxane) 1 , 1 -diox- 
ide 

(23) 2-[3-[4-(4-Fluoroplienyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-ditliiane) 1,1- 
dioxide 

(24) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1-benzotliiopyran-4-spiro-2'-(1\3'- 
1,1 -dioxide 

(25) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dithiane) 1,1- 
dioxide 

(26) 4,4-Bis(ethylthio)-2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(27) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-one 1 , 1 -dioxide 

(28) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran-4-one 1 , 1 -dioxide 

(29) 4-Hydroxyimino-2-[3-[4-(4-hydroxyplienyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(30) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-hydroxyimino-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(31) 4-Hydroxy-2-[3-[4-(4-hydroxyphenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(32) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-hydroxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(33) 2-[3-[4-(2-Fluorophenyl)piperazin-1 -yl]propyl]-4-hydroxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(34) 2-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4-hydroxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(35) 2-[4-[4-(4-Fluorophenyl)piperazin-1 -yl]butyl]-4-hydroxy-3,4-dihydro-2H-1 -benzothiopyran 1 ,1-dioxide 

(36) 4-Hydoxy-2-[3-[4-(2-pyridyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(37) 2-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-4-methoxy-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(38) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-4-methoxy-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(39) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-methoxy-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(40) 2-[3-[4-(2-Fluorophenyl)piperazin-1 -yl]propyl]-4-methoxy-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(41) 4-Ethoxy-2-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1,1 -dioxide 

(42) 4-Benzyloxy-2-[3-[4-(4-f luorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(43) 4-Benzyloxy-2-[3-[4-(4-hydroxyphenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(44) 4-Benzyloxy-2-[3-[4-(4-fluorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1-dioxide 

(45) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-2H-1 -benzothiopyran 1 ,1 -dioxide 

(46) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-2H-1 -benzothiopyran 1 ,1 -dioxide 

(47) 2-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1 -dioxide 

(48) 2-[3-[4-(4-Hydroxypenyl)piperazin-1 -yl]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 , 1 -dioxide 

(49) 2-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-3,4-dihydro-2H-1 -benzothiopyran 1 ,1-dioxide 

(50) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(r,3'-dioxorane) 
7,7-dioxide 

(51 ) 6-[3-[4-(2-Fluorophenyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxo- 
rane) 7,7-dioxide 

(52) 6-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(r,3'-dioxorane) 

7,7-dioxide 

(53) 6-[4-[4-(4-Fluorophenyl)piperazin-1-yl]butyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dioxorane) 
7,7-dioxide 

(54) 6-[3-[4-(3-l\/lethoxyphenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dioxo- 
rane) 7,7-dioxide 

(55) 6-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxorane) 7,7- 
dioxide 

(56) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dithio- 
rane) 7,7-dioxide 

(57) 6-[3-[4-(4-Hyroxyphenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dithio- 
rane) 7,7-dioxide 

(58) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1',3'-dithiorane) 
7,7-dioxide 
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(59) 6-[3-[4-(2-Fluorophenyl)piperazin-1-yl]propyl]-5,6<lihydro-4H4hieno[2,3-b]thiopyran 
rane) 7,7-dioxide 

(60) 6-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-^ 
7,7-dioxide 

(61 ) 6-[4-[4-(4-Fluorophenyl)piperazin-1 -yl]butyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dithiorane) 
7,7-dioxide 

(62) 6-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dithiorane) 7,7- 
dioxide 

(63) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-4,4-dimethoxy-5,6-dihydro-4IH-thieno[2,3-b]thiopyran 7,7-diox- 
ide 

(64) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4,4-dimethoxy-5,6-dihydro-4IH-thieno[2,3-b]thiopyran 7,7-dioxide 

(65) 6-[3-[4-(2-Fluorophenyl)piperazin-1-yl]propyl]-4,4-dimellioxy-5,6-dihydro-4IH-thieno[2,3-b]thiopyran 7,7-diox- 
ide 

(66) 6-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-4,4-dimethoxy-5,6-dihydro-4IH-thieno[2,3-b^ 7,7-dioxide 

(67) 6-[4-[4-(4-Fluorophenyl)piperazin-1-yl]butyl]-4,4-dimethoxy-5,6-dihydro-4H-thieno[2,3-y 7,7-dioxide 

(68) 4,4-Dimethoxy-6-[3-[4-(2-pyridyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(69) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4IH-thieno[2,3-b]thiopyran-4-spiro-2'-(1\3'^ 
7,7-dioxide 

(70) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-diliydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1\3'-dioxane 
7,7-dioxide 

(71) 6-[3-[4-(2-Fluoroplienyl)piperazin-1-yl]propyl]-5,6-dihydro-4IH-thieno[2,3-b]thiopyran-4-spiro-2'-(r 
7,7-dioxide 

(72) 6-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-5,6-dihydro-4IH-thieno[2,3-b]thiopyran-4-spiro-2'-( 
7,7-dioxide 

(73) 6-[4-[4-(4-Fluorophenyl)piperazin-1-yl]butyl]-5,6-dihydro-4IH-thieno[2,3-b]thiopyran-4-spiro-2'-(1\3'^ 
7,7-dioxide 

(74) 6-[3-[4-(2-Pyridyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxane) 7,7- 
dioxide 

(75) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-5,6-diliydro-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1'^ 
rane) 7,7-dioxide 

(76) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-5,6<lihydro-4H-thieno[2,3-b]thiopyran- 
rane) 7,7-dioxide 

(77) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4IH-thieno[2,3-b]tliiopyran-4-spiro-2'-(1\3'-^ 
7,7-dioxide 

(78) 4,4-Bis(ethylthio)-6-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]t^ 7,7- 
dioxide 

(79) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]tliiopyran-4-one 7,7-dioxide 

(80) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4H-th[eno[2,3-b]thiopyran-4-one 7,7-dlQxide 

(81) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-4-hydroxyimino-5,6-diliydro-4H-thieno[2,3-b]thiopy 7,7-diox- 
ide 

(82) 4-Hydroxyimino-6-[3-[4-(4-hydroxyphenyi)piperazin-1-yl]propyl]-5,6-dihydro-4IH-thieno[2,3-b]th 7,7- 
dioxide 

(83) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-hydroxyimino-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(84) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-4-hydroxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(85) 4-Hydroxy-6-[3-[4-(4-hydroxyphenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopy 7,7-dioxide 

(86) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-hydroxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(87) 6-[3-[4-(2-Fluorophenyl)piperazin-1-yl]propyl]-4-hydroxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(88) 6-[2-[4-(4-Fluorophenyl)piperazin-1-yl]ethyl]-4-hydroxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(89) 6-[4-[4-(4-Fluorophenyl)piperazjn-1-yl]butyl]-4-hydroxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(90) 4-Hydroxy-6-[3-[4-(2-pyridyl)piperazin-1-yl]propyl]-5,6-diliydro-4H-thieno[2,3-b]tliiopyran 7,7-dioxide 

(91) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-4-methoxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(92) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-4-methoxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(93) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4-methoxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(94) 6-[3-[4-(2-Fluorophenyl)piperazin-1-yl]propyl]-4-methoxy-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(95) 4-Ethoxy-6-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(96) 4-Benzyloxy-6-[3-[4-(4-fluorophenyl)piperazin-1-yl]propyl]-5,6-diliydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(97) 4-Benzyloxy-6-[3-[4-(4-hydroxyphenyl)piperazin-1-yl]propyl]-5,6-dlhydro-4IH-thieno[2,3-b]t^ 7,7-diox- 
ide 

(98) 4-Benzyloxy-6-[3-[4-(4-fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4IH-thieno[2,3-b]thiopyran 7,7-dioxide 
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(99) 6-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(100) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(101) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(102) 6-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

5 (103) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(104) 6-[3-[4-(4-Fluorobenzoyl)piperidino]propyl]-5,6-dihydro-4H-thieno[2,3-b]thiopyran 7,7-dioxide 

(105) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-4H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide 

(106) 2-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxorane) 1 ,1 -dioxide 

(107) 2-[3-[4-(4-Fluorophenyl)piperazin-1-yl]propyl]-4H-1-benzothiopyran-4-spiro-2'-(1',3'-dioxane) 1,1 -dioxide 
10 (108) 2-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-4H-1-benzothiopyran-4-spiro-2'-(1',3'-dioxane) 1,1 -dioxide 

(109) 2-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4H-1 -benzothiopyran-4-spiro-2'-(1 ',3'-dioxane) 1 ,1 -dioxide 

(110) 6-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxorane) 7,7-diox- 
ide 

(111) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1-yl]propyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1\3'-dioxor^^ 7,7- 
15 dioxide 

(1 1 2) 6-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxorane) 7,7-diox- 
ide 

(113) 6-[3-[4-(4-Fluorophenyl)piperazin-1 -yl]propyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxane) 7,7-dioxide 

(1 1 4) 6-[3-[4-(4-Hydroxyphenyl)piperazin-1 -yl]propyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxane) 7,7-diox- 
20 ide 

(1 1 5) 6-[2-[4-(4-Fluorophenyl)piperazin-1 -yl]ethyl]-4H-thieno[2,3-b]thiopyran-4-spiro-2'-(1 ',3'-dioxane) 7,7-dioxide 

The chemical structures and characteristics of the compounds obtained in the examples are listed in Tables 1 -7. In 
the tables, the values of NMR are those measured in CDCI3 using TMS as the internal standard, unless otherwise indi- 
25 Gated. 

Test Examples 

The anti-serotonin (5-HT) action and the anti-a-i action of the compounds of the present invention were examined 
30 according to the following test methods. The results obtained for typical compounds are shown in Table 8. 

(1) Anti-serotonin action (Anti-5-HT action) 

The superior mesenteric artery of each Hartley male guinea pig (body weight: 300-500 g) was excised. A prepara- 
35 tion cut in a helical form was suspended under 0.3 g load in a Magnus cylinder filled with the Tyrode solution which had 
been aerated with a gas mixture of 95% O2 -1- 5% CO2 and maintained at 37°C. Using an isometric transducer ("UL-1 0", 
manufactured by SHINKOH K.K.) and a pressure preamplifier ("DSA-605A", manufactured by SHINKOH K.K.), varia- 
tions in tension were measured. The isometric tensions were recorded on a pen-writing recorder ("VP-6537A", manu- 
factured by NATIONAL K.K.). Taking the contraction induced by 10"^ M serotonin (5-HT) as 100%, the percent 
40 contractions in the presence of each test drug at 10'^ and 10"^ M were determined as anti-5-HT action. 

(2) Anti-a-j action 

The thoracic aorta of each Hartley male guinea pig (body weight: 300-500 g) was excised. A preparation cut in a 
45 helical form was suspended under 1 g load in a Magnus cylinder filled with the Tyrode solution which had been aerated 
with a gas mixture of 95% O2 -1- 5% CO2 and maintained at 37°C. Using an isometric transducer ("TB-612J", manufac- 
tured by NIHON KOHDEN) and a pressure preamplifier ("AP-620G", manufactured by NIHON KOHDEN), variations in 
tension were measured. The isometric tensions were recorded on a thermal pen-writing recorder ("WT-647G", manu- 
factured by NIHON KOHDEN). 

50 Taking the tonic contraction induced by 10"^ M norepinephrine (NE) as 100%, the percent contractions upon addi- 
tion of each test drug at 10"® and 10'^M were determined as anti-a-i action. 
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TABLE 8 



Compound 
No. 


Anti-HT action (% 
of the control) 


Anti ai action (% 
of the control) 




10 " M 


10'^ M 


10 ^ M 


10"^ M 


8 




1 ^.u 


^ 1 . 1 


oo.o 


9 


71.8 


9.3 


98.7 


71.6 


14 


41.8 


12.3 


100 


95.9 


16* 


39.2 


5.5 


94.1 


51.5 


18 


44.8 


8.0 


88.6 


44.0 


23 


52.8 


22.5 


100 


90.1 


25 


18.8 


6.1 


95.1 


47.8 


28* 


28.4 


13.0 


90.8 


32.1 



* Monomaleate was used as the test compound. 



The thiopyran derivatives (I) or (!'), or the salts thereof, of the present invention have been confirmed to exhibit a 
strong serotonin-2 blocking action and to be highly safe. These compounds therefore are useful as drugs utilizing their 
25 serotonin-2-recepter antagonistic action, such as drugs for the treatment of circulatory diseases such as ischemic heart 
disease, cerebrovascular disturbance, and peripheral circulatory disturbance. Some compounds of the present inven- 
tion exhibit an a-j -blocking action in addition to the serotonin-2 blocking action. These compounds are useful as an anti- 
hypertensive agent with less side effects. The compounds of the present invention are therefore extremely useful as 
drugs for the treatment of circulatory diseases in general. 

30 

Claims 



1 . A thiopyran derivative or the salt thereof represented by the following formula (I) or (I*), 



35 



40 




N Y-(BU-D 
W 



(I) 



45 



50 



wherein, 




N Y-(B)m-D. 

W 
E, Ez 



(I') 



55 



A represents a sulfur atom or the group -CH=CH-; 

the dotted line indicates that the bond may be either present or absent; 

when the dotted line indicates that the bond is present, Z represents the group. 
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H 

A 



and when the dotted line indicates that the bond is absent, Z represents one of the following groups, 



y\ X 



NOR? u no H H 

I H OR3 \./ 

C C c 

\ . / \ and / \ 

(wherein R-j is an alkyi group which may be substituted, an aryl group which may be substituted, or an aralkyi 
group which may be substituted, R2 is a hydrogen atom, an alky! group which may be substituted, an aryl group 
which may be substituted, or an aralkyi group which may be substituted, R3 is a hydrogen atom, an alkyI group 
which may be substituted, or an aralkyi group which may be substituted, Xi, X2, and X3 individually represent 
an oxygen atom or a sulfur atom, and G represents an ethylene group, of which one or more hydrogen atoms 
may be replaced by a halogen atom, alkyI group, aryl group, aralyl group, or alkylidene group, or a trimethylene 
group, of which one or more hydrogen atoms may be replaced by a halogen atom, alkyI group, aryl group, aralyl 
group, or alkylidene group); 
Z' represents the group; 



(wherein G has the same meaning as defined above); 

L is an alkylene group which may be substituted, an alkenylene group which may be substituted, or an alky- 

nylene group which may be substituted; 

Y represents the group CH, the group C=, or a nitrogen atom; 

when Y is the group CH, m is 0 or 1 , n is 1 or 2, and B is an oxygen atom, a sulfur atom, a carbonyl 
group, a sulfinyl group, a sulfonyl group, an alkylene group, an alkenylene group, a hydroxy methylene group 
which may be substituted, the group -CHR4- (wherein R4 is an alkyI group which may be substituted, or an aryl 
group which may be substituted, or an aralkyi group which may be substituted), or a cyclic or alicyclic acetal 
group which may be substituted; 

when Y is the group C=, m is 1 , n is 1 or 2, and B is the group, 

Rs. 



(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted, an aryl group which 
may be substituted, or an aralkyi group which may be substituted); and 

when Y is a nitrogen atom, m is 0 or 1 , n is 2 or 3, and B is a carbonyl group, a sullbnyl group, an 
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10 



15 



20 



25 



alkylene group, an alkenylene group, or a group -CHRg- (wherein Rg is an alky! group wliich may be substi- 
tuted, an aryl group which may be substituted, or an aralkyi group which may be substituted); 
E-i and E2 individually represent a hydrogen atom or a lower alkyi group; and 

D represents an aromatic hydrocarbon group which may be substituted or an aromatic heterocyclic group 
which may be substituted. 

2. The thiopyran derivative or the salt thereof according to claim 1 , wherein Z in the formula (I) is the group: 

O 



wherein G, X2, and X3 have the same meanings as defined in claim 1 . 

3. The thiopyran derivative or the salt thereof according to claim 1 , wherein Z or Z' in the formula (I) or (I*) is either one 
of the following groups: 

or C 




30 4. The thiopyran derivative or the salt thereof according to claim 1 , wherein Z in the formula (I) is either one of the fol- 
lowing groups: 

40 

5. The thiopyran derivative or the salt thereof according to claim 1 , wherein Z in the formula (I) is the group: 

45 ^0R3 

50 wherein R3 has the same meaning as defined in claim 1 . 

6. The thiopyran derivative or the salt thereof according to any one of claims 1 , 2, 3, 4, and 5 wherein L in the formula 
(I) or (!') is an ethylene group or a trimethylene group. 

55 7. The thiopyran derivative or the salt thereof according to any one of claims 1,2,3, 4, 5, and 6 wherein in the formula 
(I) or (I*) Y is CH, n is 2, B is a carbonyl group, m is 0 or 1 , and D is a phenyl group which may be substituted. 

8. The thiopyran derivative or the salt thereof according to any one of claims 1,2,3, 4, 5, and 6, wherein in the formula 
(I) or (I*) Y is nitrogen, n is 2, m is 0, and D is a phenyl group which may be substituted. 
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9. The thiopyran derivative or the salt thereof according to any one of claims 1,2,3, 4, 5, 6, 7, and 8, wherein in the 
formula (I) or (1') Ei and E2 are hydrogen atoms. 

10. A process for preparing a thiopyran derivative represented by the following formula (la), 

rnT 1 /^^^v, (la) 

O2 VV 



wherein, 



A is a sulfur atom or the group -CH=CH-; 
Z-i represents the group; 



/ \ or 



(wherein R-j is an alkyi group which may be substituted, an aryl group which may be substituted, or an aralkyi 
group which may be substituted, X-| , X2, and X3 individually represent an oxygen atom or a sulfur atom, and G 
represents an ethylene group, of which one or more hydrogen atoms may be replaced by a halogen atom, alky! 
group, aryl group, aralkyi group, or alkylidene group, or a trimethylene group, of which one or more hydrogen 
atoms may be replaced by a halogen atom, alkyI group, aryl group, aralkyi group, or alkylidene group); 
L is an alkylene group which may be substituted, an alkenylene group which may be substituted, or an alky- 
nylene group which may be substituted; 
Y represents the group CH, the group C=, or a nitrogen atom; 

when Y is the group CH, m is 0 or 1 , n is 1 or 2, and B is an oxygen atom, a sulfur atom, a carbonyl 
group, a sulfinyl group, a sulfonyl group, an alkylene group, an alkenylene group, a hydroxymethylene group 
which may be substituted, a group -CHR4- (wherein R4 is an alkyI group which may be substituted, or an aryl 
group which may be substituted, or an aralkyi group which may be substituted), or a cyclic or acyclic acetal 
group which may be substituted; 

when Y is the group C=, m is 1 , n is 1 or 2, and B is the group, 




(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted, an aryl group which 
may be substituted, or an aralkyi group which may be substituted); and 

when Y is a nitrogen atom, m is 0 or 1 , n is 2 or 3, and B is a carbonyl group, a sulfonyl group, an 
alkylene group, an alkenylene group, or a group -CHRg- (wherein Re is an alkyI group which may be substi- 
tuted, an aryl group which may be substituted, or an aralkyi group which may be substituted); 
Ei and E2 individually represent a hydrogen atom or a lower alkyI group; and 

D represents an aromatic hydrocarbon group which may be substituted or an aromatic heterocyclic group 
which may be substituted; said process comprising: 

reacting a compound of the following formula (II), 
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Oa 



(II) 



wherein A is as defined above and is tlie group, 



or ' 



(wherein G, R^, X-j, X2, and X3 have the same meanings as defined above), and a compound of the fol- 
lowing formula (III), 

W-L-W (III) 

wherein L has the same meaning as defined above, and W and W individually represent a leaving group 
such as a halogen atom, an alkyi sulfonyloxy group, or an aryl sulfonyloxy group, to produce a compound 
of the following formula (IV), 



(IV) 

L-W 
O2 

wherein A, L, W, and Zi have the same meanings as defined above, and 

reacting the compound of the formula (IV) and a nitogen-containing compound of the following formula (V), 
/CH2)a, 

HN Y-(B)„v-D 
E, E2 



wherein B, D, Ei, E2, Y m, and n have the same meanings as defined above. 
A process for preparing a thiopyran derivative represented by the following formula (la). 



1 




.;cH2)n, 

•A-^S"^!— N Y-(B),a-D (la) 

O2 VV 
E, E2 

wherein A, B, D, E-|, Eg, L, Y, Z-j, m, and n have the same meanings as defined in claim 10, comprising: 
reacting a compound of the following formula (II), 
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20 



25 



30 




(II) 



wherein A and Z-| have the same meanings as defined in claim 10, and a nitrogen containing compound of the 
10 following formula (VI), 

W-L- N Y-(BU— D 

yv (VI) 



wherein B, D, E-|, E2, L, W, Y, m, and n have the same meanings as defined in claim 10. 
12. A process for preparing a thiopyran derivative represented by the following formula (lb). 




S^^L-rH Y-(BW-D (lb) 

O2 v-v^ 

£, E2 



wherein A, B, D, E-j, E2, L, Y, m, and n have the same meanings as defined in claim 10, comprising: 
35 converting in the thiopyran derivative of the formula (la) defined in claim 10 into a carbonyl group. 

13. A process for preparing a thiopyran derivative represented by the following formula (Id), 

Oa 

45 El E2 

wherein A, D, Ei, E2, L, Y, m, and n have the same meanings as defined in claim 10; and when Y is CH, B' is an 
oxygen atom, a sulfur atom, a sulfinyl group, a sulfonyl group, an alkylene group, an alkenylene group, a 
hydroxymethylene group which may be substituted, a group -CHR4- (wherein R4 is an alkyi group which may be 
50 substituted, or an aryl group which may be substituted, or an aralkyi group which may be substituted), or a cyclic 
or acyclic acetal group which may be substituted; when Y is the group C=, B' is the group. 



(wherein the double bond is linked to Y and R5 is an alkyI group which may be substituted, an aryl group which may 
be substitute, or an aralkyi group which may be substituted); and when Y is nitrogen, B' is a carbonyl group, a sul- 
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fonyl group, an alkylene group, an alkenylene group, or a group -CHRg- (wherein Rq is an all<yl group wliich may 
be substituted, an aryl group wliich may be substituted, or an aralkyi group which may be substituted); Z2 indicates 
the group, 



C 



or /V 



(wherein G and Ri have the same meanings as defined in claim 10); the process comprising reacting a thiopyran 
derivative of the following formula (1c), 




L-N Y-(B')„,-D. 
Et E2 



(ic) 



wherein A, B', D, , E2, L, Y, m, and n have the same meanings as defined above, and a compound of the following 
formula (VII) or (Vll'), 



HS-G-SH 
R1-SH 

wherein G and R-i have the same meanings as defined in claim 10. 
14. A process for preparing a thiopyran derivative represented by the following formula (le). 



(VII) 

(vir) 



NOR2 



02 



L-N Y-(BV-D 

W 
E, E2 



(le) 



wherein R2 is a hydrogen atom, an alkyi group which may be substituted, an aryl group which may be substituted, 
or an arall<yl group which may be substituted. A, D, E^, E2, L, Y, m, and n have the same meanings as defined in 
claim 10, and B' has the same meanings as defined in claim 13; the process comprising reacting a thiopyran deriv- 
ative of the following formula (1c), 



0 




(ic) 
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wherein A, B', D, E-j, E2, L, Y, m, and n have the same meanings as defined above, and a hydroxylamine of the fol- 
lowing formula (VIII), 



NH2OR2 

wherein R2 has the meaning defined above, or its derivative. 
15. A process for preparing a thiopyran derivative represented by the following formula (If), 



(VIII) 




N Y-rB')n 

W 



D 



(If) 



wherein A, B', D, E-j, E2, L, Y, m, and n have the same meanings as defined in claim 10 or claim 13; the process 
comprising reducing a thiopyran derivative of the following formula (1c), 




L-N Y-(B'V-D 



W 



(ic) 



wherein A, B', D, , Eg, L, Y, m, and n are the same as above. 
16. A process for preparing a thiopyran derivative represented by the following formula (Ig), 

NOR2 




N Y^(B.V-D 

w 

E, £2 



(Ig) 



wherein A, B, D, E-j, E2, U R2, Y, m, and n have the same meanings as defined in claim 10 or claim 14; the process 
comprising, reacting a compound of the following formula (IX), 



(IX) 




wherein A, L, and W have the same meanings as defined in claim 10, and a hydroxylamine of the following formula 
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(VIII). 



NH2OR2 (VIII) 
wherein R2 is the same as above, or its derivative, to produce a compound of the following formula (X), 

NOR2 




(X) 



wherein A, L, R2,and W are the same as above, and reacting this compound of the formula (X) and a nitogen-con- 
taining compound of the following formula (V), 



HN Y-(6)m-D 

W 
E, E2 . 



(V) 



wherein B, D, E^, E2, Y m, and n are the same as above. 
17. A process for preparing a thiopyran derivative represented by the following formula (Ih), 

OH 




N Y-(B)m-D 

W 
E, E2 



(Ih) 



wherein A, B, D, E^, E2. L, Y, m, and n have the same meanings as defined in claim 10; the process comprising, 
reducing a compound of the following formula (IX), 




(IX) 



L-W 



wherein A, L, and W have the same meanings as defined in claim 10, to produce a compound of the following for- 
mula (XI), 
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(XI) 



L-W 



wherein A, L, and W are the same as above, and reacting this compound of the formula (XI) and a nitogen-contain- 
ing compound of the following formula (V), 



HN Y-(B)m-D 
W 



(V) 



wherein B, D, , E2, Y, m, and n are the same as above. 
18. A process for preparing a thiopyran derivative represented by the following formula (11), 

OR7 




l-H Y-{B)m-D 
E, €2 



(li) 



wherein R7 is an alkyi group which may be substitued or an aralkyi group which may be substituted, and A, B, D, 
, E2, L, Y, m, and n have the same meanings as defined in claim 10; the process comprising, 

reacting a compound of the following formula (XI), 

OH 



(XI) 



wherein A, L, and W have the same meanings as defined in claim 10, and a compound of the following formula 




(XII). 



Ry-W" 



(XII) 



wherein Ry is as defined above and W" indicates a leaving group, to produce a compound of the following for- 
mula (XIII), 
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OR7 




(XIII) 



wherein A, L, R7, and W are the same as above, and 

reacting this compound of the formula (XIII) and a nitrogen-containing compound of the following formula (V), 



HN Y-(B)m-D 

W 
E, E2 



(V) 



wherein B, D, , E2, Y m, and n are the same as above. 
19. A process for preparing a thiopyran derivative represented by the following formula (Ij), 



[j iT^I /CHaV, 

W 
E, E2 



■S' 
O2 



(Ij) 



wherein A, B, D, E^, E2, L, Y, m, and n have the same meanings as defined in claim 10; the process comprising, 
dehydrating a compound of the following formula (XI), 

OH 

(XI) 




wherein A, L, and W have the same meanings as defined in claim 10, to produce a compound of the following 
formula (XIV), 



IT 




S 
O2 



L-W 



(XIV) 



wherein A, L, and W are the same as above, and 

reacting this compound of the formula p(IV) and a nitrogen-containing compound of the following formula (V), 
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HN Y-(BU-D 

W 
E, E2 



(V) 



wherein B, D, E-|, E2, Y m, and n are the same as above. 
20. A process for preparing a thiopyran derivative represented by the following formula (Ij), 




N Y-(B)m-0 

w 



(Ij) 



wherein A, B, D, E-j, E2, L, Y, m, and n have the same meanings as defined in claim 10; the process comprising, 
dehydrating a compound of the following formula (Ih), 




L-N Y-(BW-D 



(Ih) 



7^ 



y 



E, E2 

wherein A, B, D, Ei , E2, L, Y m, and n are the same as above. 
21 . A process for preparing a thiopyran derivative represented by the following formula (Ik), 




L-N Y-(BU-D 

W 
E, E2 



(Ik) 



wherein A, B, D, E^, E2, L, Y, m, and n have the same meanings as defined in claim 10; the process comprising, 
reducing a compound of the following formula p(IV), 




L-W 



(XIV) 



wherein A, L, and W have the same meanings as defined in claim 10, to produce a compound of the following 
formula (XV), 
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02 



wherein A, L, and W are the same meanings as above, and 

reacting this compound of the formula (XV) and a nitrogen-containing compound of the following formula (V), 
HN^Y-(B).-D 

wherein B, D, Ei, E2, Y m, and n are the same as above. 
22. A process for preparing a thiopyran derivative represented by the following formula (!'), 



D (I') 



O2 VV 
E, E2 

wherein A, B, D, E-|, E2, L, Y, Z\ m, and n have the same meanings as defined in claim 10; the process comprising, 
converting a compound of the following formula (XVI), 



X (XVI) 

•S^^L-W 



O2 



wherein A, L, W, and Z' have the same meanings as defined in claim 10, into a compound of the following for- 
mula (XVII), 



O2 

wherein A, L, W, and Z are the same meanings as above, and 

reacting this compound of the formula (XVII) and a nitrogen-containing compound of the following formula (V), 
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HN Y-{B)m-D 

W 

wherein B, D, E-|, Eg, Y m, and n have the same meanings as defined above. 
23. An intermediate for producing a drug represented by the following formula (XVIII), 




(XVIII) 



wherein A, L, W, and Z have the same meanings as defined in claim 10. 
24. An intermediate for producing a drug represented by the following formula (XIX), 




(XIX) 



O2 

wherein Zi have the same meanings as defined in claim 10. 

25. A pharmaceutical composition comprising a thiopyran derivative of any of claims 1 to 9 or the salt thereof as an 
effective component. 

26. Use of a thiopyran derivative according to any of claims 1 to 9 for the preparation of a pharmaceutical composition 
for treating circulatory diseases. 

27. Use of a thiopyran derivative according to any of claims 1 to 9 for the preparation of a pharmaceutical composition 
acting as a serotonin-2-receptor antagonist. 
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